Syntheses and characterization of mono and dinuclear complexes of platinum group metals bearing benzene-linked bis(pyrazolyl)methane ligands .. In this chapter, we have synthesized homogeneous and immobilized half-sandwich rhodium, iridium and ruthenium complexes bearing bis(pyrazolyl)methanes bridged by benzene-linker, as bidentate or tetradentate bridging ligands (L). The Cp* rhodium and iridium complexes with ligands L give both mono and dinuclear complexes, while only dinuclear complexes are obtained with arene ruthenium complexes. . 695 (2010) XXXX. Bis{pyrazolyl)methane ligands Chapter 7 7.1 Chapter 7 bridged by benzene-linker, as bidentate or tetradentate bridging ligands (L). The Cp* rhodium and iridium complexes with ligands L give both mono and dinuclear complexes, while only dinuclear complexes are obtained with arene ruthenium complexes. All these complexes are characterized by IR, NMR, mass spectrometry and UV Nisible spectroscopy. The molecular structures ofthree representative complexes are presented as well. L1 L2 Chart 7.1: Ligands used in present study 7.2 Experimental 7 .2.1 General procedure for the syntheses of ligands Ll and L2 Sodium hydride (4.29 g, 0.179 mol) was suspended in 200 ml ofTHF and cooled in an ice-water bath for 30 min. Pyrazole (12.2 g, 0.179 mol) was added over 15 min, and
Introduction
The coordination chemistry of poly(pyrazolyl)borate and methane ligands has revealed an impressive number of compounds with interesting structural, catalytic, and electronic properties. 1 -6 The chemistry of poly(pyrazolyl)methane ligands is less extensive than that of their borate analogues due to the fact that convenient synthetic routes of functionalized neutral methane species have only recently been developed. 7 -10 By functionalizing the pyrazolyl groups in the original poly(pyrazolyl)borate and -methane compounds, a multitude of "second-generation" ligands have been prepared. 1 -6 More recently, functionalization of the borate or methane backbone has yielded a variety of "third-generation" ligands 11 as bis-and tris(pyrazolyl)methane compounds where two or more of the methane units are linked through organic spacers of varying degrees of flexibility, resulting in multitopic ligands.
The chemistry of "second generation" bis(pyrazolyl)methane complexes of rhodium, iridium and ruthenium is relatively less studied as compared to borate complexes of rhodium and iridium. 11 " 13 Indeed, the chemistry of arene ruthenium and pentamethylcyclopentadienyl (Cp*) rhodium and iridium complexes of bis(pyrazolyl)methane ligands bridged by a benzene-linker (third-generation) has yet to be explored.
Arene ruthenium, rhodium and iridium complexes of bis(pyrazolyl)methanes have attracted attention due to their catalytic ability in reactions such as the alcoholysis of ketones and silanes, hydroformylation and hydroaminomethylation of alkenes and hydroamination. 14 -16 Besides these, nitrogen donor ligands with platinum group metals have been shown to be effective catalysts for oxidation reactions 17 and for ring-opening metathesis polymerization 18 and recent studies ofarene ruthenium complexes have shown that they are found to inhibit cancer cell growth. 19 • 20 In recent years, we have been carrying out arene ruthenium and Cp* rhodium and iridium complexation reactions with a variety of nitrogen-based ligands 21 -27 including pyrazolyl-pyrimidine, pyrazolyl-pyridazine and pyridyl-pyridazine ligands. All of these ligands after coordination with metal have given five membered chelating complexes; this is the first time that isolated six membered chelating complexes with 1,4-bis{bis(pyrazolyl)-methyl} benzene (L 1) or 1 ,4-bis{bis(3-methylpyrazolyl)methyl} benzene (L2) (Chart 7.1) ligands have been isolated with these metal complexes.
In the present chapter, we have synthesized homogeneous and immobilized halfsandwich rhodium, iridium and ruthenium complexes bearing bis(pyrazolyl)methanes In [7] (PF6)2·2 CH3CN, the residual electron densities greater than 1 eA-3 are all located at less than 1 A from the iridium atoms. Crystallographic details are summarized in Table   7 .1 and selected bond lengths and angles are presented in Table 7 Table 7 .1 and the selected bond lengths and angles for complexes [7] (PF 6 ) 2 , [9](PF 6 ) 2 and [11](PF 6 ) 2 are presented in Table 7 The Ir-N bond distances of complex 7 at 2.110(6) and 2.093 (6) A are slightly longer than the Ru-N bond distances of complex 9 which are ranging from 2.081(4) to 2.089 (5) A, but are comparable to those found in 11 [2.102(4) 
Conclusions
In this work, we have showed that ligand L reacts with arene ruthenium and pentamethylcyclopentadienyl rhodium and iridium complexes to yield a series of mono and dinuclear complexes in good yield, which are remarkably stable in air as well as in solution. The Cp* derivatives yielded both mono and dinuclear complexes, while only dinuclear complexes are obtained with the arene ruthenium analogues, despite different molar ratio of ligands. In all these, both mono and dinuclear complexes the metal atom is bonded to the coordinated sites Nl and N3 or N4 and N6.
Supplementary material
CCDC-757062 ([7]PF6 · 2 CH3CN), 757063 ([9](PF6)2 · CH3CN) and 757064 ([ll](PF6)2 2 CH3CN) contain the supplementary crystallographic data for this chapter.
